Seismic shear anisotropy in the lowermost mantle most likely results from elastic shear anisotropy and lattice preferred orientation of its constituent minerals, including perovskite, post-perovskite, and ferropericlase. Measurements of the elastic shear anisotropy of single-crystal (Mg 0.9 Fe 0.1 )O up to 69 gigapascals (GPa) show that it increased considerably across the pressure-induced spin transition of iron between 40 and 60 GPa. Increasing iron content further enhances the anisotropy. This leads to at least 50% stronger elastic shear anisotropy of (Mg,Fe)O in the lowermost mantle compared to MgO, which is typically used in geodynamic modeling. Our results imply that ferropericlase is the dominant cause of seismic shear anisotropy in the lower mantle.
T he lower mantle, which is dominated by an assemblage of (Mg,Fe)O ferropericlase and (Mg,Fe,Al)(Si,Al)O 3 perovskite [or post-perovskite (ppv) at the base of the lower mantle (1, 2) ], constitutes more than 50% of Earth's volume and plays a pivotal role in the evolution and present-day dynamics of our planet. Seismic shear anisotropy is a key feature within many regions of the lowermost mantle (the D′′ layer) (3) (4) (5) (6) (7) (8) , which likely results from lattice preferred orientation (LPO) coupled with strong elastic anisotropy of lower-mantle minerals (6, 7, (9) (10) (11) . An understanding of the mineral properties and their deformation behavior that lead to seismic anisotropy can elucidate information on mantle flow in these regions (5) (6) (7) . It has been proposed that ppv (1, 2) may cause seismic anisotropy in D′′; however, ppv is probably a poor match to the seismic observations (12, 13) . It has been shown that LPO of ferropericlase leads to V SH > V SV anisotropy (where V SH and V SV are the velocities of the horizontally and vertically polarized seismic shear waves, respectively) in horizontal shear (10) ; this is qualitatively consistent with seismic observations (4, 6, 9) , but the contribution of (Mg,Fe)O to seismic shear anisotropy is uncertain given the small volume abundance of (Mg,Fe)O in the lower mantle (~20 vol. %).
The elastic anisotropy of ferropericlase had been determined at low pressures (14) (15) (16) or for pure MgO (11, 17, 18) . In addition to the effect of Fe-Mg substitution, the spin-pairing transition of Fe 2+ in ferropericlase (19) at pressures of the lower mantle affects single-crystal elastic constants (20) , as well as bulk elastic properties (21) (22) (23) . Recently, the single-crystal elastic properties of (Mg 0.94 Fe 0.06 ) were measured to 60 GPa (20) by impulsive stimulated light scattering. That study resolved the longitudinal elastic stiffness constant c 11 , but did not sufficiently constrain c 12 and c 44 (where c ij are the elements of the secondorder elastic stiffness tensor) for shear anisotropy to be distinguished from that of MgO.
To quantify the effect of iron content and iron spin state on the elastic shear anisotropy of (Mg,Fe)O, we performed high-pressure Brillouin scattering measurements on single-crystal (Mg 0.9 Fe 0.1 )O, which was grown in a multianvil apparatus at 24 GPa and 1800°C in an Fe foil capsule (24) to minimize the amount of ferric iron (25) and associated defects. Brillouin spectroscopy was performed to 69 GPa in the diamond-anvil cell, where different pressure-transmitting media were used in different experimental runs (table S1). Information on the high-pressure density of our sample, which is needed to relate measured velocities to elastic moduli, was obtained independently from x-ray powder diffraction measurements at beamline I15 at Diamond Light Source, UK ( fig. S4 ).
In our experiments ( Fig. 1 ), the shear wave propagating in the [001] direction was fastest at room pressure, but its velocity remained almost constant with pressure, whereas the velocity of the shear wave along [011], polarized along [0-11], strongly increased with pressure. This led to an inversion of the fastest propagation direction at about 18 GPa. The pressure derivative of the shear wave velocity along [011] clearly increased at~45 GPa, a pressure that corresponds to the onset of the spin transition in Fe 2+ (22) . The shear wave velocity along [001] was only slightly affected by the change in electronic configuration of Fe 2+ and showed a weak depression.
The Voigt-Reuss-Hill averaged shear velocity of (Mg 0.9 Fe 0.1 )O calculated from the Brillouin data ( Fig. 2 ) is in agreement with previous studies on (Mg,Fe)O with a variety of iron contents (11, 14, 17, 20, 23) that were conducted using different techniques. An increase in the mole fraction of iron causes a decrease in the average shear velocity (v s ). The pressure derivative of the shear wave velocity (dv s /dP) decreased with increasing pressure up to~50 GPa, where dv s /dP steeply increased. This increase can be assigned to the spin transition of Fe 2+ in ferropericlase, but our data do not show a clear depression in v s associated with the spin transition, as reported in (20) . The influence of iron on v s becomes less pronounced once iron assumes the low-spin state.
The addition of iron increased the elastic shear anisotropy of both high-spin (HS) and low-spin (LS) (Mg,Fe)O with respect to MgO throughout the pressure regime of the lower mantle ( Fig. 3 
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by iron not only caused an increase in anisotropy at room pressure, but also resulted in a larger pressure derivative to the anisotropy. A considerable increase in elastic shear anisotropy across the HS-LS transition was observed.
The increase in elastic anisotropy at ambient pressure cannot be explained by the size of iron (a transition metal) as in the case of alkaline-earth oxides (26) . It can, instead, be attributed to the asymmetric electronic density distribution associated with Fe 2+ in the HS state (27) that produces an increase of c 12 (the constant that relates axial strain to orthogonal stress). The effect of pressure is to diminish the anisotropy of the 3d electron density distribution of Fe 2+ that, combined with the negligible pressure dependence of c 44 ( Fig. 1 and fig. S2 ), causes a steep pressure derivative of the elastic anisotropy. With the onset of the spin transition, the 3d-electron density distribution of Fe 2+ changes to a more symmetric configuration (25, 27) , causing a decrease in c 12 and an increase of c 11 in the LS phase.
The pressure dependence of the elastic anisotropy of LS (Mg 0.9 Fe 0.1 )O appears to be similar to that of MgO (11), but is shifted toward higher anisotropy (i.e., absolute value of anisotropy). This probably reflects differences in metal-oxygen bonding strength and the size difference between Mg and Fe. The difference between the elastic anisotropy of MgO and LS (Mg 0.9 Fe 0.1 )O is distinct, indicating that the HS-LS transition leads to a strong directionally dependent change in the elastic properties (Fig. 1) . Assuming that the pressure dependence of the elastic anisotropy of LS (Mg 0.9 Fe 0.1 )O is identical to that of MgO, we extrapolated our data to the pressure corresponding to that of the core-mantle boundary (Fig. 3) .
To evaluate the impact of our results on modeling of the elastic anisotropy of the lower mantle, we calculated the resulting maximum elastic shear anisotropy for a simplified model lowermantle assemblage of~80 vol. % MgSiO 3 and 20 vol. % (Mg 0.8 Fe 0.2 )O (24) . Our results show that the elastic shear anisotropy of (Mg,Fe)O strongly depends on the iron content and that~20 At pressures corresponding to those of the lower mantle, (Mg 0.9 Fe 0.1 )O (red circles) is elastically more anisotropic than iron-free MgO (blue symbols). The dashed arrow indicates that the pressure derivative of the anisotropy of ferropericlase might even be larger than for MgO; this would further increase the anisotropy difference in the lowermost mantle. Experimental data of MgO (17) (blue diamonds) were extrapolated (dash-dotted line) by using the pressure derivative predicted by a computational study of MgO (11) . The only available experimental data on MgO at lower mantle pressures (18) (dark dotted line) show a different trend above~20 GPa than other results, possibly caused by the limited number of measured directions (24 (Fig. 4) . Because (Mg,Fe)O is a much weaker phase (28) , it will accommodate most of the strain (29) ; it should, therefore, develop a much stronger texture than (Mg,Fe)SiO 3 (13) . Thus, it is likely that LPO of (Mg,Fe)O dominates seismic anisotropy in the lower mantle. Strong partitioning of iron into ferropericlase, suggested by experiments (19, 30) , may favor even stronger anisotropy from (Mg,Fe)O. However, consensus on the partitioning behavior of iron under lower-mantle conditions has not been reached (30, 31) .
If LPO of ferropericlase dominates lowermantle anisotropy, seismic anisotropy could also be present above the D′′ discontinuity in regions where deformation is dominated by dislocation creep at very high strain levels (6, 9) . The rapid spreading of seismic receivers around the world will allow us to better quantify the depth distribution of anisotropy in the lower mantle.
